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Abstract: The agricultural industry is highly underdeveloped and requires transformation in tech-
nology for food safety and reliability. A digital world is relying on blockchain technology for the
successful implementation of sustainable e-agricultural supply chain management (e-Agri-SCM).
In current advancements of blockchain in digital marketing, product website design (web design)
is essential to streamline the requirements of the customer and the expectations of supply chain
partners. The current research has incorporated the blockchain effect by web design elements into
the agricultural supply chain management (Agri-SCM) study. In addition, partners in the digital
marketing supply chain (DM-SCM) are also facing issues to identify significant web design elements-
based blockchain technology to gain maximum profit. Therefore, a cooperative (Co-op) sustainable
e-agricultural SCM model is developed in this study by considering the web design index and
variable demand to decide shipments, selling price, cycle time, and advertisement cost for agriculture
products. The uncertainties in the model due to intangible web design elements and basic costs are
dealt with by the application of the fuzzy system whereas carbon emission is also considered for
providing cleaner production. A real-time application of the proposed model is done by undertaking
five different cases based on mutual share, demand curve, and advertisement budget among par-
ticipants. The sensitivity analysis is also performed to identify important factors of the total profit.
Findings of this work include significant web design elements (WDEs) i.e., web graphics, search
engine optimization, cyber-security, fast loading, and navigation, as essentials for digital marketing
to convince customers towards the product in a global SCM. The numerical results and managerial
insights are advantageous for managers to get maximum profit by cooperative and digital marketing
strategies to attain e-Agri-SCM.

Keywords: sustainable agricultural supply chain management; web design elements; blockchain;
variable demand; cooperative advertisement; uncertain environment

1. Introduction

Owing to the escalating awareness of resource depletion, climate change, and over-
whelmed population, firms in the agriculture domain need to redesign their current supply
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chain models to be sustainable by taking economic and environmental impacts into account.
Drastic evolution has been observed in the agriculture supply chain during the last four
decades [1]. Production technology and marketing has played a vital role in the upgrada-
tion agriculture supply chain and has been a limelight for governments and agri-business
sectors. Further, the development in information, its transmission, and transportation
mediums have evolved. Currently, they are encapsulated with vigorous internet usage
through various platforms worldwide [2]. Agri business, specifically attached with modern
digitized technologies such as blockchain have revolutionized the medium of business
conducted with customers world-wide, by providing social connections that vitally help in
searching, targeting, communicating, and serving buyers [3]. Firms may observe tremen-
dous benefit by enhancing investments in technology, such as higher efficiency and lower
costs, and high service level [4]. Moreover, the boom in technology has strengthened
the online shopping sector. According to a report published by the National Bureau of
Statistics (2016), the gross online merchandise volume of China amounted to 4.8 trillion
Yuan, increasing by 64.5 percent in just a year span. This growth was recorded to be four
times more rapid than cumulative retail sales of goods [5].

Digitization and online marketing are strongly corelated with blockchain technology.
Blockchain technology emanated by the development of digital currency—Bitcoin that
appeared initially in the form of Bitcoin white paper [6]. The benefits of blockchain have
encouraged the business communities and industries to adopt it, which is reflected from
a survey that exhibits 77% respondents (proficient in blockchain) from a set of 600 exec-
utives acknowledged their firm’s involvement in the blockchain projects [7]. Blockchain
technology permits the construction of an encrypted and secured set of records between
parties digitally connected in a supply chain [8]. Blockchain consist of transactions or
blocks of information stored in archives available on a mutual platform to the supplier
and vendors. These data blocks require nodes which are services connected through the
internet and websites.

Furthermore, investment in the right direction for technologies is very critical. For
this, Busca and Bertrandias [9] developed a framework for digital marketing (DM) and
investigated its four cultural eras, and compared with the effect of blockchain. They devised
different plans for the potential evolution of DM and in view of these plans, website or
application design is a significant element to attract the customers and prosper e-business.
Blockchain integrated with efficiently designed website increases probabilities of two major
factors; firstly, gaining attraction of the customers and secondly traceability of the products
from initiation to the terminal points. A website can transmit intrinsic product features
like a written context of the product, images, and virtual experiences as well as extrinsic
product features such as brand and price [10]. From a customer point of view, the element
of a website has transformed into a pivot point that assesses the objectives of the system,
service, and information [11]. On the contrary, from a product or service providers’ point
of view, the elements of a website transformed should be a communal distribution medium
to generate profit. Empirical studies on websites linking to the digital marketing supply
chain (DM-SC) is rare. Owing to the rapid expansion in e-commerce around the globe, the
e-store environment has fascinated maximum attraction from business during the past
12 years [12].

To narrow down our research stream, the grooming technology via e-marketing
depends on the integration of blockchain in SC, developing website esthetics and the
contents significantly. Interestingly, a report was published in a UK-based study, analyzing
the inspiration element of trust among customers and retailers on websites, specifically
over the impact of web content in comparison to web design. It was staggering to conclude
that 94% of customers mistrusted a website directly due to design elements and 6% showed
mistrust based on the actual content of the website [13]. Hence, the quality of a website
is essential during the current digitized global era. As there was no study found on the
integration of website esthetics including the effect of blockchain with DM-SC, the current
research targets the need to fill this gap.
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The article is structured by introducing the web designing of agri-product and digital
marketing encapsulated with blockchain, to provide a platform for a sustainable and
robust e-agriculture supply chain management (SCM) in this section. The related research
works and reviews are represented in Section 2. The research methodology and framework
including analytically hierarchical process (AHP), Pareto analysis, and fuzzy inference
system (FIS) are discussed in detail in Section 3. The mathematical model of proposed
cooperative e-agriculture SCM is formulated and modeled in Section 4. Section 5 represents
numerical experimentation in which the data of supplier, agri-processing firm, and multi-
retailer in SCM are incorporated. In addition, solution methodology and results findings
by considering five cases of SCM are well summarized in Section 6. The sensitivity analysis
in Section 7 is performed to check the effect of the web design index on total profit of the
SCM. Lastly, Section 8 concludes the research study on the basis of finding results.

2. Literature Review

In order to fulfil the requirements of the future generations, agri-product supply chains
should lay emphasis on digitized marketing through an effective e-advertisement channel.
These resources acquire usage of architectural website designs that attract the customers
and smooth the flow of information by using blockchain. Furthermore, a digitized sus-
tainable agri-product supply chain needs more than only an economic validation objective
(profit), it should also be keen to handle trust of the linked parties. Agriculture trends
should shift towards the adoption of DM as it is less costly and risky in operations, even
boundary-less, which allows the firm to deal more proficiently in complex, diverse, and
distant markets, while at the same time dependence on domestic infrastructural system
is reduced [14]. Firms tend to apply digital technologies currently; tools and devices to
circumvent barriers such as pertaining to location and foreign market analysis, commu-
nication with foreign customers, and overseas opportunities identification, which were
viewed as potential hindering subjects in the engagement, operation, and expansion of a
company in international markets [15].

In the recent decade, blockchain technology has been on the rise, gaining success and
proving its functionality in various organizations. It aims to harness its limpidity and
transparency in order to provide solution to existing problems, where many untrusted
actors are indulged in the resource distribution [16]. Agriculture supply chain is highly
relevant to the resource distribution since the items of agriculture are predominantly used
as an input in several multi-actor supply chains, where consumer is generally the end
client. Further, in SCM, the annual growth of blockchain is anticipated with a rate of 87%,
an increase from $45 million (2018) to $3314.6 million (2023) [17].

As an effective example, AgriDigital company in December 2016, implemented a
pioneer settlement of the sale with 23.46 tons of grain via blockchain. After that, over
1300 different users with supplementary 1.6 million tons of grain got transacted through
a cloud system, including a figure of $360 million in the growers’ payment. This success
provided an inspiration for a potential and substantial usage of this technology in an
agri-supply chain. This realm of digitization created enormous room for an e-market
platform, which is essential to grab in a competitive environment. E-marketing is an
emerging concept that depicts the process of buying and selling or exchanging either/both
products or services through the internet [18]. According to Krishnamurthy and Singh [19],
the services of e-marketing include a number of customer-support-activities; including
e-tailing (direct-selling), SCM, and CRM. E-market services are interactive, dynamic, and
internet-based that are sandwiched with customer care applications [20,21]. Websites and
social application platforms act as a liaison and an interactive interface between various
levels of the supply chain.

Several studies like Cannon and Perreault Jr [22], Albrecht et al. [23], Kalvenes and
Basu [24] have endorsed that business-to-business electronic market place has developed
to be an ideal podium for both buyers and sellers. E-marketing has a significant contribu-
tion to firms’ development. Researchers have identified that managing better electronic
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customer relationship [25], providing effective operative services [26], being adaptive to
external knowledge, up to the mark utilization of e-marketing tools [27], and exploration
of state-of-the-art information about available e-market [28] leads to effective firm perfor-
mance. A multi-objective optimization model based on IoT and block chain in e-market
was studied by [29] while data preserving in smart agriculture for an e-market was carried
out by [30]. The sustainability perceptions of manufacturing stakeholders and agriculture
irrigation resources were discussed by [31,32] respectively. The detailed contribution of
the researchers is given in Table 1, where a research gap has been filled through proposed
research work. Dadzie et al. [33] applied data reliability tests on the web design elements
and determined the most effective ones for a business perspective. Likewise, Harrison and
Waite [34] also established effective web design elements by applying multivariate analysis
of variance (MANOVA) in their parametric study. Afterwards, Hu and Chen [35,36] con-
ducted similar study by applying analysis of variances (ANOVA) and analytical approach
respectively to prove significant web design elements. As decision makers are always
interested in defining beneficial economic policies, that is where analytical approaches and
mathematical models of strategic interaction amid balanced decision-makers come into
play, such as, game theory, Nash equilibrium, and cooperative game theory. Established
works with these theories and strategies based on a three-echelon cooperative supply chain
can be found in the work of [35,37–43]. However, only the study of Cai et al. [41] is based on
game theory for the web design elements and its framework does not cover three-echelon
SCM. The proposed work matches with Sarkar et al. [44] for the SCM environment and
application of fuzzy inference system (FIS), which is used to imply fuzzification procedure
to the uncertain factors in the model. However, this work asserts multiple addition with
the involvement of addition in the environment by coupling blockchain effect and web
design elements. Further, the approach in the current study is also the combination of
sequential quadratic programming (SQP), analytical hierarchy process (AHP), and FIS in
order to tackle all the uncertain variables with tangible and intangible effects.

Table 1. Author contribution table.

Author Three-Echelon
SCM 1

Cooperative
SCM 2

Web
Design

Elements
E-Advert.

Cooperation 3
Variable
Demand

Uncertain
Conditions

Blockchain
Effect

Solution
Algorithm

Dadzie et al. [33]
√ Data reliability

tests
Harrison and Waite [34]

√
MANOVA

Hu et al. [35]
√ Analytical

approach
Chen [36]

√
ANOVA

Taheri et al. [37]
√ √ √

Game theory

Oberoi et al. [38]
√ √ √ Analytical

approach
Zhao et al. [39]

√ √ √ √
Nash Equilibrium

Lin et al. [40]
√ √ Analytical

approach
Cai et al. [41]

√
Game theory

Kamilaris et al. [42]
√ √ √ Cooperative game

approach
Xiao et al. [43]

√ √ √
Meta heuristic

Song et al. [44]
√ √ √ Sustainable data

management
approach

Choi [45]
√ √ √ Cooperative game

approach
Sarkar et al. [46]

√ √ √ √
FIS

Proposed Work
√ √ √ √ √ √ √

AHP-FIS-SQP

1 Three-echelon supply chain management (SCM) is the management of flow of products through the three-tier chain of composed of
manufacturer, retailer, and consumer. 2 Cooperative supply chain management (Co-SCM) is an incentive-grounded supply chain based on”
trust”, “vision”, and “agent”-based models between the stakeholders at each layer of the chain. 3 E-Advert. Cooperation is an electronic
advertisement policy under a cooperative supply chain model.

Studies have been carried out related to supply chain decision in e-markets by em-
ploying game theory [47], and Stackelberg–Nash equilibrium [48] in a vendor managed
inventory including multi-retailers and using retailers’ information respectively. The deci-
sion model developed by Esmaeili et al. [49] provided factors of pricing and cooperation
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among sellers and buyers through competitive advertisement. Despite advertisements,
a pricing strategy for any product in a sustainable supply chain is vital. Cai et al. [50]
worked on pricing policies with price discount transactions in a dual-channel supply
chain. Keeping the pricing policy intact, ordering policy is as important for not losing
customers. Cai et al. [51] studied pricing along ordering policies in a supply chain model
of the Business-to-Business (B2B) market. Further, there are many discount and pricing
model studies i.e., Banerjee [52], Dada and Srikanth [53] and Pal et al. [54], where order
quantities, price break, lot sizing, and discount quantities are the decision variables. Other
than these factors, supplier selection is also important for a sustainable SCM and similar
studies are carried out by [55–57].

Despite the fact of digitization and e-market success, advertisement is a significant
element to exercise in a meaningful proportion and medium. In the recent decade, sev-
eral researchers dealt with cooperative advertising in the manufacturer–retailer channel.
This collaboration can also be termed as a financial contract, in which a manufacturer
offers to accept either a certain portion or the complete advertising expenditure of a re-
tailer/vendor [58]. In that way, increment in the advertising of a retailer is injected by
the manufacturer to stimulate an immediate demand in the chain. However, being a
potential part of several manufacturers’ advertisement budgets (e.g., sum of $15 billion
was financed to similar programs in the USA, 2000), a number of forms appear to settle
the contribution rate by the rule of thumb or best guess approach, deprived of detailed
analysis on proportions of 50% or 100% [59].

The strategies to build up in the SC model comprise of multiple scenarios and at-
tributes (mostly uncertain), thus, for this purpose, their ranking is vital with multi-criteria
decision-based systems and fuzzy approaches. Recently, Bhosale and Kant [60] worked on
an integrated fuzzy interference system (FIS) and fuzzy Delphi to rank the solutions and
overcome the SC barriers. In another study by Amindoust and Saghafinia [61], evaluation
of supplier selections in a textile industry was carried out by FIS and suppliers were ranked
in order to effectively meet the objectives of selection. Paul et al. [62] applied FIS to predict
the variations in demand based on the given forecast. They revised their supply chain plan
in advance to develop a mitigated plan. Another study based on ranking of qualitative
assessments in a green SC was carried out by [63] with the help of FIS. To sum up, FIS is
an important tool for ranking of attributes linked with an uncertain environment. This
study is pioneer in the shape of FIS application for ranking website design elements that
are linked by an uncertain demand environment in a SC.

In today’s world, the agri-product promotion is effectively going on through digital
marketing by enhancing web design to attract the customers. The objective is to provide a
platform in the form of technology development policy among agricultural businesses for
food security and reliability. Researchers are working on the enhancement of the product
web design; however, web design is still not digitally connected with the customers through
blockchain technology for the successful implementation of global agri-SCM. This study
aims to target the e-market (online), which exclusively affects the firms’ performance.
The significant web design elements are incorporated in cooperative three-echelon SCM
under uncertain conditions. The research is specifically devising an attractive digital
marketing policy through effective website design attributes, and linking these attributes
with customer demand and advertisement cost to boost the total profit of the SCM partners.

3. Material and Methods

The research methodology was devised in a way to ensure a traceability and security to
the food customers through blockchain technology in digital marketing. The agri-product
web design was developed by incorporating blockchain elements to create digitization in
the agri-SCM. The research was based on a step-by-step methodology, from the selection
of significant web design elements (WDEs) based on blockchain and basic attributes for
the promotion of the product through digital marketing, then the incorporation of the web
design index (WDI) into three-echelon SCM, and finally finding the tangible effect of the
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web design elements on the total profit of the SCM based on co-op e-advertising policy.
The research methodology is well represented by the flow diagram given in Figure 1 and
the step-by-step procedure was as follows.

1. The first step was associated with the identification and selection of significant web
design elements (based on basic and blockchain technology) for the attraction of
customer towards product. These significant elements were further considered to find
the web design index. Nine basic design elements and six were identified and selected
after taking opinion from digital marketing experts for the promotion of the product.
Therefore, a questionnaire was developed and distributed among 120 respondents
randomly. The response rate was recorded. The data were analyzed using Cronbach’s
reliability test and it resulted that the α value was greater than 0.7. The basic web
design elements were identified as web graphics (GA), hero images (HI), navigation
(NA), fast loading (FL), typography (TY), web contents (WC), product videos (PV),
branding (B), and card design (CD). On the other hand, blockchain elements to
provide advanced digital technology were selected as search engine optimization
(SEO), mobile compatibility (MC), machine learning (ML), email marketing (EM),
enabled content management system (ECMS), and cyber security (CS). These selected
WDEs are processed separately using an analytically hierarchical process (AHP)
for the evaluation and ranking of the basic and blockchain design elements. (See
Section 3.1).

2. The second step covered the selection of the significant web design elements for the
influence of the customer towards product by using Pareto analysis, which is based on
an 80-20 rule. Pareto processes the ranking and corresponding eigen values obtained
from the AHP. The significant WDEs were selected and considered for the SCM
model, which influenced the response (web design index) by 80% and the remaining
20% elements had less impact. As a result, four basic elements and three blockchain
elements were selected, which were considered significant for the calculation of the
web design index using fuzzy inference system (FIS). (See Section 3.2).

3. The selected combination of three blockchain (i.e., SEO, CS, and ML) and four basic
design elements (i.e., GA, NA, FL, TG) were significant design elements and consid-
ered as an input in FIS. The uncertainty exists in measuring these significant design
elements, which is the reason the FIS application was utilized from MATLAB software
to defuzzify the uncertain inputs by using a centroid method and the web design
index (WDI) was calculated by formulation of a triangular fuzzy system.

4. Now the data are qualitative and continuous, therefore it was required to convert
them into crunch value to find the overall website design index (WDI) on the bases of
significant key elements. Therefore, FIS was used as a tool from MATLAB. The rules
were taking weights with respect to the customer requirements and technical require-
ments. Finally, the WDI was calculated as an output of FIS from the combination of
the blockchain elements and basic elements of the web design. (See Section 3.3).

5. The WDI exists in a range from one to five depending on how the website is attracting
and influencing customer towards product. The WDI as an output of the FIS was also
triangular fuzzy number and was considered low between 1.0–2.8, medium between
2.8–3.2, and high within a range from 3.2–5.0. (See Section 3.2).

6. Ultimately, the obtained WDI was incorporated into the agri-SCM for co-op e-advertising
among supplier, agri-processing firm, and multi-retailer to grab and capture the
e-market shares. The demand of customers from the e-market is also increasing
with retailers due to attraction towards product as a result of the improved WDIs.
The demand was incorporated into the three-echelon SCM, where the supplier, agri-
processing firm, and multi-retailer cooperate based on advertisement cost by en-
hancing design elements of the product website for influencing customers. (See
Section 4).

7. The proposed SCM model was solved and optimized using sequential quadratic opti-
mization (SQP) nonlinear interactive optimization technique. The optimal solution
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was based on cycle time, shipments, e-advertisement cost share by SCM partners, and
selling price. (See Section 6).
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3.1. Analytic Hierarchy Process

The nature of the problem is quite different to understand the effectiveness of the
product web design to attract customer and improve product demand. The new era is
totally dependent on new technologies i.e., blockchain, cloud computing, internet of things.
That is the reason the product web design must include the significant attributes of the
new technologies. Hence, blockchain technology needs to take advantage of traceability,
cyber security, and communication. The analytical hierarchy process (AHP) decomposes a
complicated problem into a multi-level hierarchical setup of criteria and characteristics,
possessing decisive alternatives at the lowest level [64]. Application of AHP to determine
relative importance for website element drivers is split into three stages: (i) the problem is
decomposed into a top-down hierarchical structure, (ii) the weights for criteria evaluation
are determined, and (iii) overall weight calculation for the website design element drivers.
Comparison between criteria and a sub-criterion is carried out on the basis of the decision
maker’s/expert judgment evaluation, of which any of them is a critical concern to the
website characteristic in the loop of the three echelon SC objectives.
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In this research study, the hierarchical structure was considered three-level i.e., level
0 (objective) was web design index for the digital marketing of e-agricultural SCM, level
01 (criteria) was based on the blockchain technology index and basic index of web design,
whereas level 02 (sub-criteria) considered the basic and blockchain-based WDIs. AHP
was applied in the proposed work to determine the comparative weights for the SCM
problem and rank the sub-criteria WDEs to evaluate the impact and significance on the
objective, hence, pairwise comparison was carried out based on the data taken for each of
the sub-criteria. The output of the AHP was the eigen vector, which expresses the impact
or importance of the web design elements based on customers’ and experts’ opinion. Basic
design and blockchain-based WDEs were then ranked based on their significance as given
in Tables 2 and 3, respectively.

Table 2. The eigen vector for the evaluation of basic web design elements as an output of analytic hierarchy process (AHP).

Sr. No Basic Web Design Elements Eigen Values Percentage Ranking

1 Graphics and appearances (GA) 0.24 24.00 1
2 Card design (CD) 0.025 2.50 9
3 Hero images (HI) 0.052 5.20 7
4 Navigation (NA) 0.18 18.00 2
5 Web contents (WC) 0.085 8.50 5
6 Product videos (PV) 0.043 4.30 8
7 Typography (TY) 0.15 15.00 4
8 Branding (B) 0.071 7.10 6
9 Fast loading (FL) 0.16 16.00 3

Table 3. The eigen vector for the evaluation of blockchain elements as an output of AHP.

Sr. No Blockchain Elements Eigen Values Percentage Ranking

1 Search engine optimization (SEO) 0.24 24 1
2 Mobile compatibility (MC) 0.14 14 4
3 Machine learning (ML) 0.2 20 3
4 Email marketing (EM) 0.09 9 6
5 Enabled content management system (ECMS) 0.1 10 5
6 Cyber security (CS) 0.23 23 2

3.2. Significant Web Design Elements using Pareto Analysis

The Pareto analysis was applied to find the significant basic and blockchain-based
WDEs for the promotion of the product and influencing customers towards products
through digital marketing. The analysis is also called 80-20 rule, which is well illustrated
by Figure 2. It was observed by the Pareto analysis that in case of blockchain, the effect of
search engine optimization (SEO), cybersecurity (CS), and machine learning (ML) tools
and the basic design elements i.e., web graphics (GA), navigation (NA), fast loading
(FL), and typography (TY) are more than 80% effective in influencing customers in e-
agricultural SCM. Few of these significant sub-criteria (WDIs) need to be explained for
better understanding by the decision makers in digital marketing.

3.2.1. Web Graphics (GA)

Web graphics was ranked the most significant basic design elements among the screen
out factors. Visual design is expressed as an eye-catching, esthetic, visual quality of a
web page [65]. The fundamentals of visual design trade with emotional appeal, balance,
esthetics, and homogeneity of the overall graphical look. We followed visuals such as
layout/space, graphic improvisation, schematics, static/animations, and presentation of
information which were identified by a comprehensive study of web designer’s perception
on Business-to-Corporate (B2C) websites [66]. It is evident from expert judgment that
graphics and visuals are correlated with factors like making images appear swiftly and
improving search engine index for quick discovery.
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Figure 2. Pareto analysis (80-20 rule) for the selection of significant web design elements.

3.2.2. Search Engine Optimization (SEO)

SEO is an important tool of blockchain technology and is based on writing, coding,
and designing a website in such a way that leads to an enhanced quality, volume, and
visibility of a firm’s website. It is phenomenal that around 90% of user visits are satisfactory
from the results of a search engine, merely 5% of users avoid searching beyond the second
page, and barely 2% move beyond the third page [67]. Appearance of a website on a
foremost page is extremely competitive. In this work, internal website optimization was
considered as an element of study. It included the design of website, keywords, and meta
tags, which are essential for website itself, page names, links, photos, content texts on each
page, and really-simple-syndication (RSS) feeds [68].

3.2.3. Cyber Security (SC)

Blockchain is based on security of the data and information. In our empirical study,
cyber security was ranked second for website development consideration in blockchain.
Several studies were empirically proven and presented by Wong et al. (previously re-
ferred [31]) that cybercrime, internet fraud, and identity theft affect the customer nega-
tively, particularly in the aspect of online shopping. Trust is of paramount importance
in the presence of uncertainty, because it mitigates information irregularity and assists
customers to overcome the perception of risks. Hence, trust in electronic dealings is a
significant differentiation that regulates any success or failure of firms. Further, parties are
mostly unknown to each other during online transactions, so “initial trust” determines the
occurrence of any transaction. Indeed, retailers’ websites are a vital source of information
to mitigate uncertainty. Therefore, cyber security is significant in order to sustain smooth
operations on the electronic medium.

3.2.4. Fast Loading (FL)

Past studies presented a positive correlation between user satisfaction and website
loading. Fast loading is extremely important for consumer willingness to conclude online
transactions [69]. Speed of access can be measured indirectly via chronometer [70]. External
factors facilitating the loading activity of a website include the applied hardware, web
traffic, time of day, and others. Many researchers adopted the size presented in bytes of
different homepages. In such a case, the heavier the homepage was, the more time was
required to extract information inside the website. Furthermore, loading time of a page
also represents quality of a website.

3.2.5. Navigation System (NG)

Navigation endorses structure design of a website. It refers to organization and
accessibility of information displayed on the website [71]. While a user is operating on
a website, the amount of effort is directly linked with the navigation design. Therefore,
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an effective navigation design must provide an effortless navigation hierarchy for users
to access the desired information and its location on the website swiftly [72]. Navigation
occupies the top relevant tier of significant factors because it plays a vital role in stimulating
customers who are reluctant to be astounded by redundant links, screens, clicks, etc. Online
customers want direct and simple navigation designs to save effort and time in searching
for desirable items and completing their transaction in the smallest number of steps. An
ambiguous navigation design irritates users and triggers them to lose location sense over
the website; eventually they may leave the website without constructive activity. Previous
studies recommend that an efficient navigation must assist users to traverse and navigate
the site [73].

3.3. Fuzzy Inference System

To design the proposed fuzzy model, the combination of significant (three blockchain
and four basic WDEs) web design elements were taken as an input of the fuzzy inference
system (FIS), where the output was the web design index. Triangular membership function
was applied to represent fuzzy input and output of the FIS system. The fuzzy numbers
were defuzzified to crisp numbers using centroid method. The proposed model explicitly
shows a mathematical function in which the image of n elements (n sub-criteria) is the final
result of the model. Therefore, we can suppose the value y as a function f of n independent
variables i.e.,

y = f (x1, x2, x3, ..., xn)

In the proposed FIS model, the number of inputs were considered as CS, SEO, ML,
GA, NA, FL, and TY were considered from WDEs to find a web design index (WDI) as an
output shown in the Figure 3.
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Each input (web design elements) and output (web design index) showed triangular
fuzzy membership function having linguistic values i.e., “low”, “medium”, and” high”. In
FIS, low is represented by a value (0 1 2), whereas the medium and high are represented
by (2 3 4) and (3 4 5) respectively. The rules were made based on the weights of each
design elements as an input, which were taken from the eigen vector of the AHP. The
centroid method was used to defuzzify the inputs into crisp value. Then, the obtained
fuzzy numbers were defuzzified to the desired crisp numbers for using as input variables
for the FIS systems in the first stage.

The output indices were generated using FIS by the combination of the significant
input WDEs. This surface is well illustrated in the Figure 4 to show the relationship
between the output (blockchain index and basic design index) and the input (significant
WDEs). There were two FIS systems used in the process: one was for blockchain index
and the other for basic design index, which were further combined for the calculation of
web design index (WDI) though FIS. It is obvious that enhancing these input significant
elements will result in increasing web design index and ultimately more customers will
be attracted towards the product through digital marketing. This improvement will bear
a cost of advertisement to be shared by the SCM partners for maximizing total profit by
increasing e-market demand.
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4. E-Agricultural Supply Chain Management

This section considers problem definition, e-advertisement, variable demand, fuzzy
costs, notation, assumptions, and model formulation of the proposed co-op e-agricultural
SCM model.

4.1. Problem Definition

The conventional agricultural supply chain management is extremely underdeveloped
with respect to technology and innovation. Agri-firms are facing issues in communication
for sharing information and products among SCM partners and are at a huge distance from
the customers due to lack of technology. The agricultural product supply chain manage-
ment (agri-SCM) requires an extensive development in communications and marketing
strategy, which is possible by the addition of advanced technologies i.e., blockchain and
e-agriculture (digitization). The research is based on digital marketing policy by enhancing
web design elements for the promotion of the agri-product and influencing customers
online to increase e-market demand in e-agri-SCM. A three-echelon supply chain model
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considering single supplier, single agri-processing firm, and multiple retailers are cooper-
ating on the basis of e-advertising cost by various share agreements for maximum profit
as shown in Figure 5. The uncertainties in the model were recovered by the fuzzing of all
basic costs involved in calculating total profit of SCM.
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Figure 5. Flow diagram of cooperative e-agricultural supply chain management considering blockchain technology for
digital marketing.

The blockchain technology is well processed through the e-agri-SCM, where the shar-
ing of information, goods, and payments are made digitally using blockchain technology.
The aim was to provide a developed e-agri-SCM by traceability, security, and communica-
tion system. All the data are stored in the database, integrated among SC players using
blockchain, and then shared permanently by a cloud computing management system. The
research provides a platform to the customers (web design) to provide basic design tools
and blockchain tools for the security and traceability. The web design index was obtained
from the significant WDEs incorporated in the product web design for the promotion and
demand. The WDI was further linked with the variable demand of the agri-SCM to find
the impact of the advancement on overall profit.

4.2. Online Advertisement Cost

A supply chain (SC) consisting single supplier, processing firm, and a multi-retailer
was selected to analyze the e-advertisement co-op policy in agri-SCM. The proposed model
turned out to be more realistic when we considered the cost of advertisement dependent
on demand. Investment for the advertisement of products in the digital-market is backed
by SC partners to enhance the average product sales for increasing demand from digital
market as a result of increasing the e-advertisements efforts and vice versa. The demand
in online marketing requires enhancing web design elements based on blockchain for
the promotion of the product and it influences the customers for the increasing product
demand. The blockchain tools can be incorporated in the product web design to ensure
security and traceability among SC players and customers. The e- advertisement covers
the investments to enhance the significant design elements on the product promotion web.

The online advertisement cost includes the expenses involved in designing the ele-
ments of the product’s website. It is obvious that the advertisement cost depends on the
website design index (WDI), i.e., Ω value starting from one to five. The expression shows a
direct linear and exponential relationship between the advertisement cost and the website
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design elements as given in Equations (1) and (2), respectively. If the product web design
is good for e-advertisement then it will have a WDI value almost 5 and there are maximum
chances that more customers will be attracted towards the product. On the other hand, the
bad or worst web design will compel the customers to review it as bad, which will ulti-
mately affect the customer demand negatively in e-advertising strategy. The advertisement
cost (AC) of the supply chain management is the sum of initial advertisement (a) cost and
variable cost for online advertisement to enhance the website design for the attraction of
the customers. i.e.,

AC = a + a(Ωλ1) (1)

AC = a + eλ2 Ω (2)

where a is the initial advertisement cost of the supply chain, Ω is the website design
index, λa is the scaling factor of the linear curve, and λ2 is the shape parameter in case
of exponential variable advertisement cost. The above expressions are illustrated as in
Figure 6.
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4.3. Model Notation

Notations used in the mathematical model of e-agri-SCM are as follows.
Indices

j index to represent number of retailers in SCM, j = 1, 2, . . . n

Decision Variables

T cycle time for retailers (year)
y1 raw material taken by agri-farming, i.e., supplier (integer)
y2 lots received by agri-processing firm (integer)
arj share of e-advertisement cost by jth retailer invested in digital marketing ($/year)
amj agri-processing firm’s investment share for e-advertising the product ($/year)
asj supplier’s investment in e-advertising agri-product for collaboration ($/year)
z1 multiple units for the agri-firm’s cycle time (integer)
z2 retailer’s cycle time multiple unit (integer)
pj price of agri-product kept by the jth retailer in the market ($/unit)

Agri-farming/supplier’s parameters

Cs processing cost of the semifinished agri-product ($/unit)
Ps processing rate of the semifinished agri-product (unit/year)
Cfcs cost of fixed carbon emission of the agri-farming/supplier ($/shipment/year)
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Cvcs agri-farming/supplier’s cost of variable carbon emission ($/unit/year)
hs’ raw material holding cost ($/unit/year)
hs agri-product holding cost of the supplier as a finishing product ($/unit/year)
As setup cost of the agri-farming/supplier ($/setup)
Os cost of the agri-farming/supplier for ordering ($/order)
TCs total cost of the agri-farming/supplier ($/year)

Agri-processing Parameters

Pm processing rate of semifinished products (unit/year)
hm finished agri-product holding cost ($/unit/year)
Cfcm fixed cost as a tax of carbon emission by agri-processing firm ($/shipment/year)
Cvcm cost of variable carbon emission by agri-processing firm ($/unit/year)
Am setup cost ($/setup)
Om ordering cost ($/order)
F fixed/constant cost of transportation ($/shipment)
V agri-processing firm’s varying transportation cost ($/shipment)
TCm total cost of agri-processing firm ($/year)

Retailer’s Parameters

hr retailers holding cost per agri-product per cycle ($/unit/year)
Ar retailers ordering cost ($/order)
TCr retailers’ total business cost ($/year)
D(p, a)variable demand rate as a function of advertisement cost and selling price (units/year)

Other Parameters

∆2 upper limit of the fuzzy parameters (parameter units)
∆1 the lower limit of the membership function of the fuzzy number (parameter units)
dj starting/initial demand of the jth retailer (units/year)
M total advertisement budget incorporated for the whole supply chain ($/year)
TC total cost of the e-agri-SCM ($/year)
TP the total profit achieved by the e-agri-SCM ($/year)

4.4. Demand Depending Selling Price and Advertising Cost

Demand is correlated with the selling price of the product and its advertisement cost.
Indicating demand in terms of selling price and advertising cost as a decision variable
was studied in the work of [74]. In the current case, previous function was altered to
portray variability in demand owing to e-advertisement in digital-markets. The initial
retail price and demand for the jth retailer were denoted as dj and pj, respectively. Both
the demands, linear and exponential, were generated for the entire supply-chain once
advertising cost investment in the digital-market was carried out, as depicted in Equations
(3) and (4), respectively.

drj = dj(α− βpj)
1
v (k1(asj + asj(Ωλ1))

1
2 + k2(amj + amj(Ωλ1))

1
2 + k3(arj + arj(Ωλ1))

1
2 ) (3)

drj = dj(α− βpj)
1
v (k1(asj + eλ2Ω)

1
2 + k2(amj + eλ2Ω)

1
2 + k3(arj + eλ2Ω)

1
2 ) (4)

where α, β, and ν are non-negative constants. The values of v (i.e., ν < 1, ν = 1 or ν > 1) is
subject to the price demand dependency, which may follow a linear, concave, or convex
curve separately. In this work, to exploit the supply chain profit, value of the ν was
considered ν > 1. Further, values of k1, k2, and k3 are non-negative constants, which depicts
the efficacy of local advertisement on behalf of the supplier, agri-processing firm, and
vendors, separately in generating the demand from market. The overall demand of SC is
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produced from the local market from every single vendor/retailer, which is given in the
following equation.

D =
n

∑
j=1

drj (5)

Likewise, the function shows the relationship amid demand, the advertising cost, and
selling price as depicted in Figure 6. The portrayed surface shows the maximum bound
of selling price, where the demand shrinks to zero, but does not illustrate the bound with
aspect of advertisement cost, in other words, the demand enhances with the increase in
advertisement cost without any limit/bound. Such behavior of limitation is regulated by a
constraint studied in the proposed SC model.

4.5. Model Fuzzification for Uncertain Environment

Numerous uncertainty types exist in real life supply chain management problems.
They are typically modeled via techniques from the probability theory. Nevertheless, some
uncertainties persist that cannot be handled properly through conventional probabilistic
models. Usually, the issue amounts to modeling SCM problems and finding their solutions
under uncertain environment [75]. Hence, the way out is to treat such problems by fuzzy
set theory instead of probability theory [76]. Centroid of fuzzy total cost was taken as the
estimate for fuzzy total cost, but studies show that, in spite of centroid method, the signed
distance method is better for defuzzification [77]. Let x be a fuzzy number with triangular
membership function, x̃ = (x − ∆1; x; x + ∆2), where 0 < ∆1 < x and 0 < ∆2 ≤ 1 − x. Further,
∆1 and ∆2 are determined by the decision makers. The x is given as in below Equation (6)
from the study of [74].

d(x̃, 0̃1) = x +
1
4
(∆2 − ∆1) (6)

4.6. Model Assumptions

The e-agri-SCM model was developed based on the following assumptions.

1. An agricultural supply chain management model considering three partners for
single type agricultural products [78,79]. The retailers are situated at different location
and working online using digital marketing strategy of online web design including
blockchain elements.

2. The basic costs of the e-agri-SCM are considered as fuzzy numbers to justify the
uncertain environment [80].

3. Variable demand is considered depending advertisement cost and selling price, where
the advertisement cost is the function of web design index, specifically D(p, a) =

ao(α− βp)
1
v (k
√

a) [71].
4. The SC partners are collaborating on the basis of e-advertisment/online advertisement

cost for maximizing total profit of the e-Agri-SCM.

4.7. SCM Model Formulation

Supply chain partners work together to enhance any product’s demand. The agri-SCM
model was formulated in such a way that identifies the overall basic along with miscella-
neous costs that are associated to the supplier, agri-processor, and vendor/ retailer. The
fundamental costs contained production cost, holding cost, setup cost, transportation cost,
ordering costs, etc. With the advances in cleaner production for a sustainable environment
and market growth, both the carbon emission cost and advertising cost were also integrated
to construct the proposed SCM model to be further reliable and eco-efficient. Moreover,
basic costs related to production and inventory are uncertain owing to various factors
such as the world energy crisis, inflation, and oil prices. Due to this, all the fundamental
costs linked with the supplier, agri-processing firm, and vendors/ retailers in the current
proposed model were taken as fuzzy costs. The signed-distance formula was used to
resolve the fuzzy-sets of parameters.



Sustainability 2021, 13, 816 16 of 29

4.7.1. Supplier costs

The costs of supplier are as following.
Production Cost
A cost that is variable and depends on the production quantity for certain demand.

(Cs +
1
4
(∆cs2 − ∆cs1))D (7)

Setup Cost
It involves the costs of initialization of an order from supplier perspective which is

dependent on the cycle time and limitations set by the manufacturer or retailer.

(As +
1
4 (∆as2 − ∆as1))

z1z2T
(8)

Ordering cost
It includes costs incurred to order a batch or purchase of externally made products

that is dependent on the quantity limits set by the manufacturer or retailer.

(Os +
1
4 (∆os2 − ∆os1))y1

z1z2T
(9)

Holding cost of raw material
This is the cost that is incurred while holding inventory or stocking in a storage

or warehouse that is dependent upon parameters like cycle time, variable demand, and
production of the products.

(hs′ +
1
4
(∆hs′2 − ∆hs′1))

z1z2TD2

2y1Ps
(10)

Holding cost of finished products
The cost of the holding was taken from the work of Sarkar et al. [81].

(hs +
1
4 (∆hs2 − ∆hs1))z2T

2
[(

2
y2
− z1)

D2

Ps
+ (1− 1

y2
)

D2

Pm
+ (z1 − 1)D] (11)

E-advertisement cost
The supplier is sharing an advertisement cost for the enhancement of web design by

incorporating blockchain and basic elements to influence customers towards agri-products
based on co-op e-advertising collaboration policy.

n

∑
j=1

asj + asj(Ωλ1)

z1z2T
=

(as1 + as2 + as3 . . . + asn)(1 + (Ωλ1))

z1z2T
(12)

Carbon emissions cost
The aim of the incorporating carbon cost was to provide the necessity of present and

future generations for the sustainable and cleaner supply chain management.

C f csy1 + CvcsD (13)
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The total cost of the supplier (farming industry) in agri-SCM can be expressed mathe-
matically as

T̃Cs = (Cs +
1
4 (∆cs2 − ∆cs1))D +

(As+
1
4 (∆as2−∆as1))+(Os+

1
4 (∆os2−∆os1))y1

z1z2T

+(hs′ +
1
4 (∆hs′2 − ∆hs′1))

z1z2TD2

2y1Ps
+ (hs +

1
4 (∆hs2 − ∆hs1))

z2T
2 (( 2

y2
− z1)

D2

Ps

+(1− 1
y2
)D2

Pm
+ (z1 − 1)D) +

n
∑

j=1
(

asj+asj(Ωλ1)
z1z2T ) + (C f csy1 + CvcsD).

(14)

4.7.2. Agri-Processing Cost

The agri-processing firm processes the finished product of the supplier (farming indus-
try) to produce the agri-product. The basic costs associated with the agri-processing firm
are considered to be fuzzy due to uncertain conditions, i.e., processing, setup, ordering, and
holding costs. Other specific costs are also incurred by the firm in the form of transportation
and carbon emission costs.

Processing cost
This is a cost that is variable and depends on the agri-processing cost of the products

and their quantity for certain demand.

(Cm +
1
4
(∆cm2 − ∆cm1))D (15)

Setup cost
It involves costs of agri-processing setup in terms of material and labor required to

make the machine ready for new production lot.

(Am + 1
4 (∆am2 − ∆am1))

z2T
(16)

Ordering cost
It includes costs incurred to order an agri-based batch or purchase of externally made

agri-products that is dependent on the quantity limits set by the manufacturer or retailer.

(Om + 1
4 (∆om2 − ∆om1))y2

z2T
(17)

Holding cost of raw material
Cost dealing with holding of agri-environment based materials.

(hs +
1
4 (∆hs2 − ∆hs1))QmD

2Pm
(18)

Holding cost of finished product
The fuzzy holding cost can be expressed as (previously referred Sarkar et al. [77])

(hm + 1
4 (∆hm2 − ∆hm1))T

2
[(2− z2)

D2

Pm
+ (z2 − 1)D] (19)

E-advertisement cost
Similarly, agri-processing firms also invest a share based on the e-advertisement

collaboration policy for the increasing demand in e-marking using digital marketing by
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incorporating web design elements. The agri-processing firm’s share can be expressed
mathematically as

n

∑
j=1

amj + amj(Ωλ1)

z2T
=

(am1 + am2 + am3 . . . + amn)(1 + (Ωλ1))

z2T
. (20)

Carbon emission cost
C f cmy2 + CvcmD (21)

The total cost of the agri-processing firm under uncertain conditions is given as

T̃Cm = (Cm + 1
4 (∆cm2 − ∆cm1))D +

(Am+ 1
4 (∆am2−∆am1))+(Om+ 1

4 (∆om2−∆om1))y2
z2T

+(hs +
1
4 (∆hs2 − ∆hs1))

z2TD2

2y2Pm
+ (hm + 1

4 (∆hm2 − ∆hm1))
T
2 ((2− z2)

D2

Pm
+ (z2 − 1)D)

+
n
∑

j=1
(

amj+amj(Ωλ1)
z1z2T ) + y2F+VQm

z2T + (C f cmy2 + CvcmD).

(22)

4.7.3. Retailers’ Costs

The retailers in digital businesses are mainly concerned with the warehousing and they
are keeping the agri-product of the SCM. The agri-products are deteriorated items, which
are also placed on the website with basic and blockchain features. There are multiple e-
retailers connected to the agri-processing firm. The agri-processing firm ships the required
agri-products to the retailers and big food malls based on the customers’ demand online
and offline. The retailers’ costs can be divided into the following sub costs.

Ordering cost
(Or +

1
4 (∆or2 − ∆or1))

T
(23)

Holding cost of raw material
The holding cost of all jth retailers in the agri-SCM is expressed as

(hr +
1
4 (∆hr2 − ∆hr1))TD

2
. (24)

Advertisement cost
Retailers also share their role in the collaboration policy by investing in e-advertisement

through digital marketing. Their integrated sum can be expressed as

n

∑
j

arj + arj(Ωλ1)

T
=

(ar1 + ar2 + ar3 . . . + arn)(1 + (Ωλ1))

T
. (25)

Hence, the total cost of the retailers in Agri-SCM business is given as

T̃Cr =
(Or +

1
4 (∆or2 − ∆or1))

T
+ (hr +

1
4
(∆hr2 − ∆hr1))

TD
2

+
n

∑
j

arj + arj(Ωλ1)

T
. (26)

4.7.4. Total Cost of the Supply Chain

After formulating the cost of supplier (farming), cost of agri-processing firm, and
cost of retailers in dealing agri-product, the total cost of the e-agri-SCM can be expressed
mathematically as

T̃C = T̃Cs + T̃Cm + T̃Cr. (27)

By substituting T̃Cs, T̃Cm, and T̃Cr the total fuzzy cost of the supply chain is given as
in Equation (30).
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T̃C = (Cs +
1
4 (∆cs2 − ∆cs1))D +

(As+
1
4 (∆as2−∆as1))+(Os+

1
4 (∆os2−∆os1))y1

z1z2T + z1z2TD2

2y1Ps

(hs′ +
1
4 (∆hs′2 − ∆hs′1)) +

z2T
2 (hs +

1
4 (∆hs2 − ∆hs1))((

2
y2
− z1)

D2

Ps
+ (1− 1

y2
)D2

Pm
+ (z1 − 1)D)

+
n
∑

j=1
(

asj+asj(Ωλ1)
z1z2T ) + y1F+VQs

z1z2T + (C f csy1 + CvcsD) + (Cm + 1
4 (∆cm2 − ∆cm1))D + z2TD2

2y2Pm

(hs +
1
4 (∆hs2 − ∆hs1)) +

(Am+ 1
4 (∆am2−∆am1))

z2T +
(Om+ 1

4 (∆om2−∆om1))y2
z2T

+ T
2 (hm + 1

4 (∆hm2 − ∆hm1))((2− z2)
D2

Pm
+ (z2 − 1)D) +

n
∑

j=1
(

amj+amj(Ωλ1)
z1z2T ) + y2F+VQm

z2T

+(C f cmy2 + CvcmD) +
(Or+

1
4 (∆or2−∆or1))

T + TD
2 (hr +

1
4 (∆hr2 − ∆hr1)) +

n
∑
j

arj+arj(Ωλ1)
T

(28)

The firms’ revenue formula can be written as.

Revenue =
n

∑
j=1

(pjdrj) (29)

and the profit formula is

Totalpro f it(TP) = Revenue− TC. (30)

Now, the objective of the proposed model is to maximize the total profit of e-agri-SCM,
which is given as

MaximizeT̃P =
n
∑

j=1
(pjdrj)− [(Cs +

1
4 (∆cs2 − ∆cs1))D +

(As+
1
4 (∆as2−∆as1))

z1z2T ×

+
(Os+

1
4 (∆os2−∆os1))y1

z1z2T + z1z2TD2

2y1Ps
(hs′ +

1
4 (∆hs′2 − ∆hs′1)) +

z2T
2 (hs +

1
4 (∆hs2 − ∆hs1))

(( 2
y2
− z1)

D2

Ps
+ (1− 1

y2
)D2

Pm
+ (z1 − 1)D) +

n
∑

j=1
(

asj+asj(Ωλ1)
z1z2T ) + y1F+VQs

z1z2T

+(C f csy1 + CvcsD) + (Cm + 1
4 (∆cm2 − ∆cm1))D +

(Am+ 1
4 (∆am2−∆am1))

z2T

+
(Om+ 1

4 (∆om2−∆om1))y2
z2T + z2TD2

2y2Pm
(hs +

1
4 (∆hs2 − ∆hs1) +

T
2 (hm + 1

4 (∆hm2 − ∆hm1))

((2− z2)
D2

Pm
+ (z2 − 1)D) +

n
∑

j=1
(

amj+amj(Ωλ1)
z1z2T ) + y2F+VQm

z2T + (C f cmy2 + CvcmD)

+
(Or+

1
4 (∆os2−∆os1))

T + TD
2 (hr +

1
4 (∆hr2 − ∆hr1)) +

n
∑
j

arj+arj(Ωλ1)
T .

(31)

The constraints/limitations of the proposed SCM model are given below.
Advertisement costs constraints

n

∑
j=1

(asj + amj + arj) ≤ M (32)

n

∑
j=1

asj ≤ Ms (33)
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n

∑
j=1

amj ≤ Mm (34)

n

∑
j=1

arj ≤ Mr (35)

Space constraints
(Ps − D)(DTz1z2)

Ps
≤ Is (36)

(Pm − D)(DTz2)

Pm
≤ Im (37)

Tdrj ≤ Irj

5. Numerical Experiment

The intended agricultural supply chain management needs to be validated pragmat-
ically by numerical analysis of a real-life example. A fundamental three-echelon SCM
having a single supplier and agri-processing firm each and three-retailers, i.e., (j = 3), was
considered. All the partners collaborated through a co-op e-advertisement to invest in
enhancing a website for agri-product marketing. The numerical experiment of the research
study was based on agri-SCM considering a sugar processing firm, its suppliers, and
retailers. The data utilized to perform the experiment were taken from the local industry of
sugar processing SCM. The suppliers/agri-farming data are given in Table 4 consisting of
production, holding, transportation, carbon emission, and production rate. The capacity of
the sugar processing firm, inventory space, and budget data were also taken from the selec-
tion industry to deal with the constraints of the proposed model. The data were reliable and
provided a pragmatic application of the proposed e-agri-SCM mathematical model with
blockchain technology to attract customers. Principally, the three-echelon agri-SCM starts
with the farming industry (supplier). The data for processing cost, setup cost, holding cost,
transportation cost, and carbon emission are given in Table 4. The web design index (WDI)
was taken as Ω = 3 for both numerical experiments and sensitivity analysis.

Table 4. Suppliers/agri-farming cost data ($).

∆cs1 Cs ∆cs2 ∆as1 As ∆as2 ∆hs1 hs ∆hs2 ∆os1 Os ∆os2 ∆hs′1 hs′ ∆hs′2 Ps Cfcs Cvcs

1 2 3 450 500 550 0.45 0.6 0.75 275 300 325 0.3 0.4 0.5 299 0.2 0.1

The agri-processing firm data are also crucial for the analysis of the proposed model
due to the important stake in the chain. Further, the agri-processing firm is also an
imperative supply chain partner in co-op advertisement collaboration. The cost data
associated with the agri-processing firm’s (sugar processing firm) production, inventory,
carbon emission costs, and transportation are presented in Table 5. All these costs are
uncertain and therefore reflected with fuzzy parameters.

Table 5. Agri-processing firm’s cost data ($).

∆cm1 Cm ∆cm2 ∆am1 Am ∆am2 ∆hm1 hm ∆hm2 ∆om1 Om ∆om2 F V Pm Cfcm Cfcm

2 3 4 180 200 220 4 5 6 135 150 165 0.2 0.1 1900 0.1 0.1

The role of retailers in e-agri-SCM for sugar production is very influential to deal with
the customers. The data for retailers are given in Table 6.

Further, inventory capacities of the sugar-processing firm, supplier, and each retailer
were subject to constraints. Similarly, a limitation cap was also set on the sharing of
advertisement cost among the SCM partners spending the complete advertisement budget.
The data relevant to the constraints of the proposed model are shown in Table 7.
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Table 6. Data related to retailers.

Retailer Type Initial Demand (units) ∆hr1 Holding Cost ($/unit/year) ∆hr2 ∆or1 Ordering Cost ($/Order) ∆or2

R1 100 1.33 1.66 2 6.66 10 13.33
R2 150 1.33 1.66 2 6.66 10 13.33
R3 130 1.33 1.66 2 6.66 10 13.33

Table 7. Limitations of inventory and advertisement cost.

Advertisement Budget Supplier Capacity Processing Firm
Capacity

Retailer-1
Inventory

Retailer-2
Inventory

Retailer-3
Inventory

3000 500 300 180 220 200

Next, the data were analyzed by application of non-linear optimization approach.
Both the selling price of the product and the advertisement costs among supply chain
partners were optimized under a co-op advertising collaboration policy.

6. Solution Methodology and Result Findings

The role of e-advertising and digital marketing is essential to achieve competitive
advantage among production firms and is more highlighted in processing agricultural
products. The suggested SCM model is based on a non-linear maximization problem
alongside multiple variables and constraints. Previously, the constrained problem was
resolved and analyzed by converting it into an unconstrained problem, exploring and
exploiting for the global optimal solution. However, these approaches have now been
discovered to be comparatively ineffective and have been substituted by approaches based
on the equations of Karush–Kuhn–Tucker (KKT).

KKT equations possess the required conditions for optimizing a constrained problem.
Such equations also deliver a solution to several nonlinear problems by means of computing
Lagrange multipliers directly. Further, these approaches are termed as sequential quadratic
programming (SQP) methods [82,83].

The set of equations created from the proposed model consist of non-linear equations
sufficiently complex to solve by any analytical technique. Nevertheless, these analyt-
ical techniques are also ineffective and time-consuming and have been substituted by
the techniques constructed on quadratic programming. The SQP is an effective and ef-
ficient decision-making tool and validated the best for solving nonlinear constraint and
unconstraint equations, big-data research, and multi-decision problems according to Schit-
tkowski [84], Mostafa and Khajavi [85], and Theodorakatos et al. [86]. The method is
already utilized by various research studies [87–90] in production and supply chain man-
agement models.

There are five different cases considered from the real-life studies for the application
of the proposed SCM by incorporating co-op advertising policy and web design index for
increasing demand and influencing customers towards product. These cases are explained
in detail in the following. The decision variables in terms of cycle time, shipments, selling
prices, and corresponding advertisement costs for the agri-processing firm, supplier and
retailers are given in Table 8.

6.1. Case 01

This scenario reflects the proposed cooperative SCM by considering variable adver-
tisement cost as a function of the web design index (WDI), which is well illustrated in
Figure 6, since total advertisement cost is the sum of initial cost (traditional) and variable
cost depending on the WDI. The latter is different at different locations (e.g., developing
and developed countries, urban and rural, cities and villages, etc.) This is the only case
which considers the advertisement cost as an exponential variant of the WDI. This case has
no restriction over e-advertisement cooperation share among SC partners. The analysis of
the sequential quadratic programming (SQP) showed total profit of SCM as $827,049.16,
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with the optimal cycle time, shipments, selling prices, and advertisement shares by the
SCM participants. It was observed that selling prices ($454.8) and shipment sizes (y1 = 1
and y2 = 2) were the same in all cases. The advertisement costs shared by the SCM partici-
pants varied depending on the agreement, leader-follower game theory, and advertisement
budget constraint.

Table 8. Solution obtained by the analysis of numerical experiment using the sequential quadratic programming (SQP)
method with Ω = 3.

Sr. No. Decisions Symbol Case 01 Case 02 Case 03 Case 04 Case 05

1 Cycle time (year) Tj 0.225 0.227 0.233 0.237 0.209

2 Multiple (integer) z1 1 1 1 1 1
3 z2 4 4 3 3 4

4 Shipments (number) y1 1 1 1 1 1
5 y2 2 2 2 2 2

6
Selling price ($)

p1 454.88 454.798 454.88 454.89 454.86
7 p2 454.88 454.79 454.88 454.89 454.86
8 p3 454.88 454.798 454.886 454.89 454.86

9

Advertisement investments in
e-markets ($)

ar1 190.920 196.782 399.281 416.66 312.5
10 ar2 448.17 442.76 313.81 320 240
11 ar3 332.922 332.56 256.57 263.333 197.5
12 am1 200.43 206.12 425.35 416.66 625
13 am2 469.57 463.78 325.69 320 480
14 am3 348.99 348.35 266.71 263.33 395
15 as1 200.432 206.125 425.35 416.6 312.5
16 as2 459.55 455.15 320.48 320 240
17 as3 348.99 348.35 266.71 263.33 197.5

18 Total profit TP 827,049.16 856,239.90 832,242.86 832,195.13 820,931.7012

6.2. Case 02

This case is applicable when the advertisement cost is a linear function of the WDI
to attract customers. There is no restriction of the e-advertisement budget by the supply
chain participants. In addition, the scenario does not reflect superior or leader/follower
SCM. It was observed that the total profit of the SCM obtained as highest among all cases
as $856,239.9, where the cycle time was almost 0.227 years and the advertisement costs
showed the global optimal values for supplier, agri-processing firm, and multi-retailers in
SCM without restriction.

6.3. Case 03

This case reflects the scenario where there is a limitation of the total e-advertisement
budget as given in Equation (33) provided by the unequal share of the supplier, agri-
processing firm, and retailer. The SCM participants will invest in total e-advertisement
within the total limit of the budget for increasing demand. Here again the advertisement
cost is taken as the linear function of WDI. Here, the total profit obtained as $832,242.86
was slightly more than Case 1 but comparatively much lower than Case 2.

6.4. Case 04

This case represents the real-life scenario where there is a limitation on the budget of
each players of the SCM. Irrespective of Case 03, in this case each participant is restricted
to share under the limited budget as expressed by the Equations (34) and (35). This co-op
e-advertising policy is undertaken by the optimal equal share of the participants for the
promotion of product in various e-markets. The results showed a slight decrease in total
profit, i.e., $832,195.13, as compared to the Case 03.
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6.5. Case 05

The final case shows the policy of superior supply chain management, where the
agri-processing firm is plays the role of a leader in the SCM whereas the supplier and
multi-retailer are the followers. In three-echelon supply chain management, the processing
is probably on a leading side as compared to supplier and retailers to handle all the main
activities of the product life cycle. That is the reason a high profit is expected by the
agri-processing firm in supply chain management in case of superior co-op advertisement
policy. Agri-processing shares 50%, while the remainder is equally divided by the supplier
and multi-retailer for the maximization of the total profit. This case showed the total profit
of the three echelon as the lowest among all cases i.e., $82,0931.7.

The optimal solutions from the proposed five scenarios are valuable to the decision-
makers for prediction and understanding of the uncertain/variable demand produced
by e-marketing via web design index. Furthermore, these results deliver the optimal
mode of distributing advertisement expenses among the supply chain partners through
a policy of co-op e-advertising collaboration. This policy relies on a common mode of e-
marketing, where each supply-chain partner presents the cost on enhancing the web design
to advertise agri-products and surge the demand of each vendor/retailer by feedback from
the consumers. Consequently, the demand from each vendor/retailer puts pressure on the
agri-processing firm as well, thus the supplier is pushed to increase the production, and
eventually a high profit is expected. The proposed model is nonlinear in nature and generic
to help the decision makers in calculating multi-dimensional variables, i.e., shipment size,
cycle time, advertisement share, and selling price of product. The model can be applied to
firms and SCM, where the point of interest is to get maximum profit by the collaboration of
supplier, manufacturer, and multi-retailer. The proposed model deals with the design of
the product website by incorporating advanced elements (WDEs), which are commonly
available on various products’ website and justified. The research study shows a practical
implication of the proposed model in the agricultural SCM to manage the supply chain
network. The numerical experiments are based on the data collected from the agricultural
processing firm and its supply chain partners for the pragmatic application of the research.
The agricultural firms can take advantages of the digital marketing and blockchain to
enhance the agri-product sale and to attain maximum profit. One feature of the proposed
model is to provide room for a collaborative policy implementation among the supply
chain partners to agree on the exact amount of advertising investment required to enhance
profit for the whole supply-chain.

7. Sensitivity Analysis

The proposed SQP decision tool is effective in analyzing nonlinear optimization
problem. Various scenarios have been analyzed and developed in the sensitivity analysis
of the proposed e-agri-SCM for the pragmatic results. The demand in online marketing
requires e-advertisement to enhancing design elements of the web for the promotion of
the product and it influences the customers for the increasing product demand. The e-
advertisement covers the investments to enhance the significant design elements on the
product promotion web. In this regard, a detailed sensitivity analysis is essential to find
the impact of the linear and exponential web design index value obtained from the FIS
system of the selected significant web design elements on total demand, each e-market
demand, cycle time, and total profit of SCM, which is given in Table 9.

1. It is observed that the total demand of the product and total profit of the SCM increases
linearly by increasing the WDI (Ω). The observation is clearer by illustrating the left-
hand-side curve of Figure 7. It is clear that by increasing WDI from level 01 to 05, the
total demand of the product increases from 1435 to 1542 items whereas the total profit
increases from $824,999 to $886,448.

2. On the other hand, by observing the exponential analysis, the total demand and the
centralized total profit obtained by the participants increases exponentially as shown
in the right-hand-side curve of Figure 8. It was observed that the total demand and
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total profit also increase with respect to the WDI levels. However, in this case the
impact is more because both demand and total profit have increased from 1410 units
and $811,879 to 1587 units and $913,388.61 by investing to enhance the WDI level
from 1 to 4 respectively.

These results provide an essential insight for managers to understand the importance
of web design in digital marketing to consider the significant elements. These insights
support the economic benefit of digital marketing in a co-op advertising policy to capture
local and international market in three-echelon SCM by maximizing total profit.
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Table 9. Evaluation of Demand and Cycle times for established parameters based on WDI.

Parameters. Index (WDI)
Demand Units Cycle Time Total Profit

dr1 dr2 dr3 D Tj (years) TP ($)

Web design elements (Linear)

Ω = 1 378.29 565.53 491.78 1435.60 0.23 824,999.79
Ω = 2 385.52 576.40 501.17 1463.09 0.23 840,756.93
Ω = 3 392.62 587.07 510.40 1490.09 0.23 856,239.90
Ω = 4 399.59 597.57 519.47 1516.63 0.23 871,465.18
Ω = 5 406.46 607.90 528.39 1542.75 0.23 886,448.01

Web designel ements
(Exponential)

Ω = 1 371.81 558.26 480.92 1410.98 0.23 811,879.84
Ω = 2 374.30 559.49 486.59 1420.38 0.23 816,354.00
Ω = 3 379.16 566.76 492.91 1438.84 0.22 827,049.16
Ω = 4 390.88 584.27 508.15 1483.30 0.22 852,824.13
Ω = 5 418.45 625.23 543.98 1587.65 0.21 913,388.61

8. Conclusions

The development in e-businesses over the past decades has significantly strengthened
the supply chain management (SCM) and given firms a competitive marketing opportunity.
Agri-firms are searching for smart technologies to sell their product and to convince
their customers with DM-SCM. Digitization considering blockchain effect is essential
for the development of a sustainable agri-SCM due to the ease in product traceability,
security, ease in transactions, etc. This paper presented a successful co-op e-advertisement
collaboration policy among the supplier, agri-processing firm, and retailers in sustainable
agricultural product supply chain management (SCM) by enhancing product web design
incorporating the blockchain effect to attract customers. Product demand was considered
as a variable depending on selling price and advertising cost. Web design elements were
filtered to significant ones and later on used to estimate web design index (WDI), which
was incorporated in the model against uncertain demand. Further, advertising cost was
also considered as a function of the WDI, which was obtained by processing significant
web design elements (WDEs) by the combination of the factors of the blockchain and
basic design. Analytically hierarchical process (AHP), Pareto analysis, and fuzzy inference
system (FIS) were used to identify and select the significant WDIs. The WDI was further
incorporated into the mathematical model of the supply chain management (SCM) and
calculated a positive effect of enhancing web design elements on the total profit. The results
were outstanding in the form of optimal selling prices, shipments, cycle time, and optimal
advertisement costs.

The model provides supports the decision-makers for keeping the best-selling prices
and optimal e- advertisement share supported by supply chain participants to maximize the
total profit of the Agri-SCM. Five different cases were taken based on the e-advertisement
budget, partner’s share, and demand curve for the application of the proposed model in
real-life industrial problems. It was found that Case 02 shows a maximum profit, where the
partners are required to share an optimal e-advertisement cost for digital marketing. The
equal share cooperation policy based on advertisement cost exhibited by the participants
was reflected in Case 04 for the digital marketing of the product. The results of superior
SCM (given in Case 05), where the agri-processing firm is the leader and other participants
are the followers showed the lowest profit of SCM. In addition, the research model is also
beneficial to the customers by providing an interface of advance digital marketing strategy
coupled with blockchain effect for traceability, security, and on time agri-product delivery.
The selling prices was also less as compared to the traditional marketing agri-products
due to fewer transportation costs and third-party logistics costs. These outstanding results
and optimal solutions are very important for the industrial managers and decision-makers
to successfully attain global supply chain management through proposed cooperative
e-advertising policy.

The uncertainties in the proposed model were justified using fuzzy systems. The basic
costs of the SCM mathematical model were considered as triangular fuzzy and formulated
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by using a signed distance method. Similarly, the identification of significant WDEs, i.e.,
web graphics, search engine optimization, cyber-security, fast loading, and navigation, is
essential for digital marketing to convince customers towards the product in global SCM.
These WDEs were found to be intangible and have been processed through the centroid
method of FIS. These identified significant WDEs can be utilized for the future research and
extended research of digital marketing. Moreover, the model incorporated carbon emission
cost for providing cleaner environment and eco-effective production at supply chain level.
The proposed mathematical model can be extended towards stochastic by considering
expected demand and other important parameters of the SCM. The cooperation can be
based on the whole sale price or selling price of the product. Overall, the research is a
significant contribution by specifically targeting web design in the field of digital marketing
for global SCM.
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